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Purpon: The purpose of this study was to develop an endovascular system for tramfemoral 
placement of straight aortic grafts and bifurcated aortoiliac grafts. 
Mtthodr: Both types of graft consist of barbed, self-expanding stents attached to a woven 
polyester fabric Survival studies of straight-graft function were performed in six large 
mongrel dogs. Digital subtraction fluoroscopic equipment was used to guide insertion and 
record angiograms at 0, 1, and 3 months. Bifurcated grafts were inserted in an additional 
eight dogs, four with distal stents and four without. Straight grafts were inserted into six 
cadaveric aortas (five atherosclerotic and one aneurysmal; age 68.7 + S.7 years) to assess 
stent attachment. 

Rfjultr: Angiograms obtained immediately alter straight-graft insertion showed placement 
to be within 4.6 + 1.6 mm of the intended level. Follow-up angiograms at 1 and 3 
months showed no migration, no leakage, and patency of all six grafts. After bifurcated 
graft insertion there were no angiographic signs of pcrigraft leakage, with or without distal 
stents. The mean force required to displace straight grafts 10 mm from their original 
position in cadaveric aortas was 1388 + 127/. 

Omchuim: These preliminary results show that straight and bifurcated endovascular 
grafts can be positioned accurately and securely in the abdominal aorta. Q Va&c Svkq 
1993;18:186-97.) — 



Endovascular repair of aortic aneurysms is now 
feasible because of advances in vascular imaging, 
catheter delivery systems, and artcriaj stenring, A 
graft can be introduced through a remote artery and 
anchored to nondilated vessels at the ends of an 
aneurysm co provide protection against rupture and 
a conduit for distal perfusion. 

Graft attachment must be accurate, secure, and 
hemostatic, both proximaJly and discaUy. The com- 
bination of graft and introducer must be small 
enough for retrograde insertion through the femoral 
artery. The system should have sufficient flexibility co 
traversodic often-tortuous iliac vessels. 

Endovascular systems have been used to repair 
small traumatic aneurysms in animals, but these 
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modcJ8 lacked the more challenging features of 
human aneurysms. 1 ' 1 Some promising initial results 
have been reported with a balloon-expandable system 
in humans. 3 

This report describes our initial laboratory expe- 
rience with an endovascular delivery system* for 
straight and bifurcated grafts chat was designed 
specifically to meet the demands of clinical use. 

MATERIAL AND METHODS 

The technique of endovascular graft insertion was 
studied in dogs. Graft attachment was assessed 
further in human cadaveric aortas. 

Apparatus 

The two systems of endovascular grafting used in 
these studies represent different stages in the evolu- 
tion of the technique. Several components were 
changed in the interval between die straight and 
bifurcated graft insertions, and several have changed 
since then. Differences between these systems also 
reflect the more exacting requirements for bilateral 
distal limb placement and stenring. 

Straight grafts. Straight grafts were constructed 

•Patent held by Timothy A. M. Owcer. 
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Fig. I. A, Strajght eraft mounted on centra J carrier show stenoprotniding from graft orifices. 
B, Proximal stent of straight graft and attachment to central carrier. C, Delivery mam durine 
insertion shows how dilator head combines wim iniroducer sheath to create smooft, fauuSw 
extern aJ proaJc, 



of the heavy, crimped fabric used in conventional 
aortic bypass grafts. The fabric was cue and sutured 
into tubes with the crimps running longitudinally to 
provide an element of transverse elasticity. Three 
scents occupied the lumen of the graft: one in the 
middle and one protruding from each end (Fig. M). 
Scents measured 23 mm in length and 20 mm in 
diameter in their nondefotmed state. At normal 
canine aortic diameters (approximately 9 mm) 



stents exerted a constant outward force, which 
served to press die graft and the barbs against die 
aortic wall. The stent ar the cranial end of the 
graft carried four barbs to enhance attachment to the 
aorta. 

The narrow portion of a central carrier traversed 
the lumen of the graft. Splits in the catheter of the 
central carrier were traversed by short Joops of 
monofilament suture, which connected stentt at both 
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j ends of the graft to a guide wire in die lumen of the 
carrier (Fig. 1, B) , As long as the guide wire remained 
| within die lumen of the delivery system, the loops 
j couJd not retract and the gTaft remained attached to 
\ the centra] carrier. Removal of die guide wire released 
| die graft. 

J gr*fri its stents, and die carrier were com- 

S pressed into an introducer sheath, before insertion. A 
j dilation at the distaJ end of die carrier matched the 
j diameter of the shcarii orifice. With the sheath in 
pJacc around the terminal dilation, die apparatus had 
\ a smooth external profile (Fig. I, C). A seal at the 
\ outer end of die shcach ensured hemostasis. 
| Bifurcated grafts. Bifurcated grafts (13 mm by 
j 6 mm) were constructed of thin, uncrimped, woven 
S polyester Two lines of very fine gold chain ran the 
j length of the left limb of the graft. These served as 
radiopaque markers, indicating the axial orientation 
, of die graft Jimb. Only one stent was attached to the 
1 graft before insertion . This stent carried small coils on 
6 of its 12 limbs, to which the proximal orifice of the 
graft was sutured. The outer angles of the stent 
carried caudaJIy directed barbs (Fig. 2). 

A central carrier traversed the lumen of the graft 
through the trunk and one of the distal limbs (Fig. 
3, A). The narrow portion of the central carrier 
consisted of two coaxial catheters instead of the single 
cadieter used in straight-graft insertion. "The outer 
cadictcr was split at die sites of graft attachment. 
Suture loops from both ends of the graft traversed 
these splits to encircle the inner catheter, thereby 
attaching the graft to die central carrier. A Luer lock 
between the hubs of die inner cadictcr and the outer 
catheter prevented premature graft release (Fig. 3,J). 
Graft attachment to the carrier was dependent on the 
presence of die inner catheter instead of the guide 
wire alone. This permitted insertion of the delivery 
system by guide wire exchange. Removal of the 
guide wire also permitted die lumen of die inner 
catheter to be used as a conduit for radiographic 
contrast. * 

Only one limb of die graft was attached, co the 
central carrier in diis way. The other was attached to 
a smaJJ (3F) catheter by a loop of fine monofilament 
suture that ran through the lumen of the catheter 
from one end to the other. The graft remained 
attached to die catheter as long as the suture was 
intact. Graft release was accomplished by severing the 
outer end of the suture, whereupon one arm of the 
Joop slid up the lumen of the catheter and out of the 
graft. Hie outer end of this catheter was attached co 
chc central cmicr where it was accessible alter 
removal of die introducer sheath. 



TO 



14153254196 



Gutter a al. 187 




Graft 

attachment 



Fig. 2. Segment of proximal stent used widi bifurcated 
graft shows apical barb and point of graft attachment. 



A smaJJ dilator with a fish-mouth split at its end 
served as a graft straigbcencr. The graft was puJJed 
into the jaws of the dilator by traction on the small 
cadieter attached to the orifice (Fig. 4). 

In this series of experiments, distal stents were not 
attached to die graft but were inserted separately once 
die graft was in position. A stent delivery system (Fig. 
5) was directed into the lumen of die graft by a guide 
wire (right side) or a cadictcr (left side). 

Technique 

Straight grafts. Canine studies were approved 
by the institutional committee on animaJ research 
and conformed to guidelines of die National Insti- 
tutes of Health. All procedures were performed 
under general (barbiturate) ancsdicsia. Animals were 
placed in the supine position on a radiolucent 
operating table for graft insertion. The right common 
femoral artery and its branches were exposed through 
a longitudinal incision in die groin. AU animals 
received 2000 units heparin by intravenous injection 
before the application of noncrushing clamps to the 
superficial and deep femoral arteries. Silicone rubber 
bands around the common femoral arteries provided 
hemostasis proximaliy. Access to chc arterial tree 
was dirough a longitudinal common femoral arteri- 
otomy. 

Our vascular imaging sysrem (OEC-Diasonics, 
Inc., Salt Lake City, Utah) recorded real-time fluo- 
roscopy on videotape. Images obtained after intraar- 
terial injection of contrast material (Conray 60) were 
enhanced digitally and transferred co photographic 
films as angiograms. Another useful feature of die 
digital subtraction imaging system was the "road- 
mapping" function, which combined real-time fluo- 
roscopic images with static angiograms. The com- 
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Fig, 8. A, Bifurcated graft mounted on central carrier shows cadictcr used to control left limb. 
B, Outer end of ccntraTcarrier used in bifurarcd graft insertions shows locking inner and outer 
cadiexcrs. 



posicc image facilitated guidance of the apparatus 
through the vascular tree. 

After initial angiography die delivery system was 
insetted to a predetermined position widiin the aorta, 
\yhere the graft was released. Fluoroscopic visualiza- 
tion was relatively easy because most of the apparatus 
was radiopaque. Bony landmarks served as reference 
points for graft placement- The object was to position 
the proximal (upstream ) stent at the caudal end of die 
third lumbar vertebra. The position of die prosthesis 
was controlled by manipulation of the central carrier, 
as the introducer sheath was withdrawn slowly. 
Expansion of the distal stent was taken as a sign that 
graft extrusion was complete. Removal of die guide 
wire released the graft from the central carrier, which 
was removed. Arteriography was repeated before 
closure of the femoral artery. 

Angiograms were obtained at 1 and. 3 months by 



intraarterial injection of contrast material dirough an 
angiographic catheter introduced pcrcutaneously. 
Angiographic measurements of distance were cali- 
brated by reference to the known length of stents. 
The ability of a graft to isolate the adjacent segment 
of aortic wall from the circulation was assessed by 
examining angiograms for opacification of aortic 
brandies in die region of the graft. Visualization of 
lumbar or middle sacral arteries was indicative of 
leakage of contrast material, cither through die walls 
of die graft or berween the ends of the graft and die 
aorta. 

Bifurcated grafts. Placement, straightening, and 
scenting of the left limb of bifurcated grafts required 
some additional maneuvers. In this scries of experi- 
ments access to the Jcft femoral artery was obtained 
by direct surgical exposure and longitudinal arteri- 
otomy. 
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Fig, 4. Graft straightcner engaging left iiinb of graft. 



Placement of a cross-femoral catheter preceded 
graft insertion. A wire basket, inserted through the 
right femoral artery, was opened in the aorta ac the 
orifice of die left common iliac artery (Fig. 6). A 
catheter was threaded through die left fcmoraJ artery, 
up the left iliac artery, and into the open wire basket, 
which was then closed and withdrawn. After cross- 
femoral catheter insertion, a preliminary angiogram 
was obtained by injection of contrast material into 
the proximal aoita. To ensure that the angiographic 
catheter could not become tangled with the cross- 
fern oral catheter, the two were inserted through 
separate lumina of a double-lumen introducer. The 
angiographic catheter was guided into die proximal 
aorta by manipulation of its curved tip. After initial 
angiography, care was taken to ensure that neither the 
C arm nor die table moved. The angiographic 
cadieter was removed, leaving a guide wire in place, 
over which die graft delivery system was inserted. 

When the graft reached the desired position, the 
introducer sheath was withdrawn slowly. The ex- 
posed graft expanded onto the aorta under the action 
of the proximal stent and die force of flowing blood. 
Removal of the sheath exposed die small catheter on 
the left limb of the graft (Fig. M). This catheter was 
freed of its attachment to die central carrier and 
sutured to the cross -fern oral cadictcr. Traction on the 
cross-femoral, catheter pulled the small cadieter back 
into the right femoral artery through the iliac arteries 
and out of the left femoral arterioromy. The attached 
limb of die graft followed the catheter into the left 
common iliac artery. 

The small catheter was also used to apply the 
limb-straightening device to the left limb of the graft 
(Fig. 4). Twists were corrected by reference to the 
two radiopaque lines on the graft. During introduc- 
tion of the distal stents, tension was maintained on 
die end of the graft limb to prevent graft displace- 
ment. The stent insertion apparatus (Fig. 5) was 
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Fig. 5. Longitudinal section of distal scent delivery system 
used with bifurcated grafts shows stent maintained in 
compressed state by sheath. 



guided into the graft lumen over a catheter on one 
side and a wire on the odier. Catheters were released 
from the graft by severing the loops of suture that ran 
through the lumina. 

The bifurcated graft was released from the carrier 
by removing the inner catheter and guide wire. The 
guide wire was replaced before removal of the carrier 
to act as a guide for the insertion of the right-limb 
stent*dclivcry system and as a guide to the insertion 
of an angiographic catheter. 

Canine studies 

Preliminary experiments in 12 dogs were used 
to refine the techniques and apparatus for both 
tubular and bifurcated graft insertion. Definitive 
studies used standardized methods in two sets of 
sequential experiments. Straight grafts were inserted 
in sue mongrel dogs (weight 29,2 ± 1.3 kg) and 
monitored for 3 months. Acute studies of bifurcated 
grafts were performed in eight mongrel dogs 
(weight 33.4 ± 1.0 kg). Four of the bifurcated 
grafts were inserted with distal stents and four 
wiriiout. 

Cadaveric studies 

The apparatus for insertion of a straight graft was 
reproduced on a human scale. The graft measured 25 
mm in diameter and 100 mm in length. An eight- 
pointed scent, attached to each end of the graft, 
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carried four barbs chat resembled chose used in canine 
studies of straight grafts. 

Human abdominaJ aortas were obtained at au- 
»psy from six cadavers (age 68.7 * 6.0 years) 
Specimens included proximal segments of renal and 
luac arteries. The youngest cadaver (age 47 years) had 
had diabetes and a history of peripheral vascular 
disease. All cadaveric specimens showed signs of 
atherosclerosis. One aorta contained a 6 cm aneu- 
rysm. Specimens were stored at - 20° C and thawed 
before use. Specimens were then mounted on a stand 
Hooks and damps held both ends in place. Grafts 
were inserted through the stump of the right iliac 
artery. No fluoroscopy was used in cadaveric studies 
Instead, grafts were positioned by reference to 
mfricings on the outside of the introducer sheath 
Otherwise die insertion procedure was similar to that 
used in canine studies of straight grafts. 

Graft attachment was tested by applying traction 
to the distal stent. The force required to displace the 
graft was measured with a simple gravity osmometer 
(i ig. 7). An inelastic suture was passed over a pulley 
from the downstream scent to a fight plastic con- 
tainer. Movement of a knot in the suture was used to 
detect displacement of the graft relative to a linear 
scale, marked in millimeters. Measurements of dis- 
placement force were performed after three separate 
insertions for each specimen. Water was added to the 
container of the tensomctcr until the graft moved 10 



mm from its original position or the maximum 
capacity of 2000 ml was readied. 

RESULTS 
Canine stu dies 

Straight grafts. The distances between actual 
and intended positions of straight grafts decreased 
with increasing operator experience (Table I) No 
graft migration was seen at 1 and 3 months. Fig 8 
shows the relation of the upstream stent of a straight 
graft to the lumbar vertebrae and the angiographic 
appearance of the same straight graft at 3 months. 

AJJ straight grafts remained parent by angiogra- 
phy and all animals had palpable femoral pulses at 1 
and 3 months. Completion angiograms of two 
straight grafts showed perigraft flow of contrast 
material into lumbar arteries. These vessels were not 
apparent at 1 and 3 months. 

The luminal diameter of the graft (S 5 ± 0 4 

TltfiJFi n *™»*t Point wis significantly 
(P < 0.005) Jess than at the narrowest point in die 
ungrafted aorta (8.7 ± 0.5 mm) on completion 
angiography. The difference represented the space 
occupied by the wall of the graft, whidi retained, a 
high degree of crimping at canine aortic diameters 
At 1 month the corresponding luminal diameter was 
4.2 s 0.3 mm Q> < 0.05, from 0-month value) and 
at 3 months it was 4.8 ± 0.7 mm. These changes 
were attributed to the presence of muraJ thrombus at 
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profile. Without the carrier head or a conventional 
*kttr, dhc open end of the introducer sheath would 

*e proama introducer sheath, there was room for 
*c prosth«>s. The presence of a conventional d^r 

2 K 5. ' naxs ! ltitin S additional maneuvers 

feature of the delivery system was the attachnW of 
die cr^aJ (upstream) end of the prosthesis to the 

22 ^ ,Ca ^ 17,roUshthisattach " lcnt d,eprosthe. 
m was puJIed, not pushed, into position. Becauscd* 

ninw 8, l" 1 ? ta £oft Md flc »'Wc enough to 
negooatt the often-tortuous path through theiJiac 
artencs to the proximal end of the aneurysm. 

intervaJ bewrecn straight and bifunated graft inser- 
tions The frs^ and most important, change was the 

standard graft materia] used in straight grafts. Lon- 
JWdinal enmping was used in straight grafts as a 
ebmuu ^ l 8 graft redundancy. However, 
preuminaxy expenments during the design of a 
berated prosthesis showed th£ a srnaU amount of 
redundancy in a thin-waJJed graft caused no leaking 
or luminal narrowing. Crimped grafts produced 



bodi It is perhaps rcmarkab/c that all straight urate, 
remained patent because meir heavy, SSSSS 

more. Thrombus deposition on the wall, of straight 
may be attributable to characteristics of Tc 

in S 8,ngt0ad ^ ftbric fallowed a reduction 

™^ST" t0 , 4F ' ** U8C 0f a more a *™«d 
stent, and less compression of die prosdicsis A leas 

oghdy packed prosdiesis generated faTfifcST 

resulong m a smoother, moreaccurate extrusion % 

proximal stent became shorter, more clastic 

ieSSLTr y J* ""^ buKd w * c Nation 5 
^cage around the ends of the graft, a* evidenced by 

eanS' rf Chc ^o-catheter central 
earner, used ,n bifurcated graft insertions, is the 
abdfty to insert the delivery system over a previously 

ESElft W,fC " ^ required 2 

negotiate the often-rortuous iliac artrries can then be 
accomphshed with standard angiographic techniques 
before die delivery system is inserted. The basic 



^'^ r *un nnL RECOM UASC SURG 



TO 



JOURNAL OF VASCWjU SURGERY 
Volume IS, Number 2 



14153254196 p. 15 



C/>//A?r a/, J9j 




&%SC SSSSS."* me ~* *"« "H* - graft 10 mm fom 

Tabic I. Distance between actual and 
intended graft positions on 



■' ^^3-moncb fo!Jow- up , whjch W8S C£3nfim , c<J K 

•i ° i ?TT i8rfl ^- AJJ eight bifurcated grafts 

I . SUCCCSsfilJ, y' No «< o( the lumbar^ 

middle sacraJ artenes at the Jcvej of the mft JT 
| apparent on completion angiography (F^f 
' No£ 5? I* ^ P attnc in » *i iliac aiteries. 

! K:^ 1 ,j T b8 ^ ' of more 
! man ?o degrees, and routme straightening of the 

? die femoral arceriaJ pulse or Wood flow. There were 

i tanking. In two of the unscentcd grafts die bifurca- 
^on wasplacedrighton »pof d«K3bnSK 

TwfSRT ob,iquc foJd in * surfacc of 3t 

Dhv St ^ 8PPafCnt 3t 8Ut W *"* °" "A* 
phy but had no noticeable effect on blood flow 

^panson of completion and prtW^S 

*"« (Fig. 9) m bifurcated graft insertiomshowed 

no measurable difference between the diamcterTof 

*e proximal graft lumen (nonbiiur^rtonf 

™ w * c ™™™g ^cen wid, straight^ 
The accuracy of bifurcated graft placemenTis 
difficult to quantify because grafts were not ££LJ 

limb angulaoon on completion angiograms findicat 
mg the position of the iliac mcr?«dg£J 2££ 
that approximately half of die graft was placed SE 
aorta and half in the ijiac arteries, as minded 

Cadaveric studies 

The force required to displace a graft I cm for 
more) from io initial position in a cadaveric aorta was 







Dismnufrm torjer (tmn) 






Mvuurtd 


Oitibmtim 
fnaor 


CflTTtCtfli 


7 
6 
9 

JO 

n 
u 


9 

J6 
7 
4 

1 

2 


2.3/3.3 ~~~~ 
2.3/3.2 

2.3/3,2 
2.3/3.3 
2.3/3.3. 


6.3 
1 1.5 
4.6 
2.9 
0.7 
1.S 



1388 ± IfgrnrTabJe^Measwemcnocouidnot 
be repeated more than riircc times for each socmen 
because graft displacement occurred onjTwhS ri " 
aomc wall began to tear. The Jess scSy 

degree of atherosclerosis was not quantified 
DISCUSSION 

sa J£ ^ dC S° PCd 8 """fawwl ^tcm that 
Z?,^T y ° f ?, C P rcrcau «i« for endovascuji 
«p«r of human abdominal aortic aneurysms Grift 
afflchment is accurate, hemostatic, and^c£e £ 
delivery system is small, flexible, and smooth Bo* 
straight and bifurcated endovascuJar wS^JS 
uxumpeded blood flow through me^^™ 
isolaong the aortic wall from tfTc orcuJation. ' 

founV^£ ,Cn % 0f ddivcr y had Pro- 

found effects on funcoon. One is die carrier head 

T<5 ? c orificc of ^ ^ 

giving the whole a smooth, featureless ottexnj 
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Fig. 9. A, Angiogram of canine aortic trifiircaoon shows large middle sacraJ artery. B, 
Angiogram of same dog after insertion of bifurcated graft shows position of distal stents (arrows) 
and absence of flow into middJe sacral artery. 



mechanism of graft attachment was die same in 
straight and bifurcated studies, despite the substitu- 
tion of a cadicccr for the guide wire as the control 
mechanism for graft release. In both series of experi- 
ments loops of suture remained on the graft after 
insertion. The mechanism has since been modified to 
aJJow these sutures to be removed widi the carrier. 

The accuracy of graft placement is attributable to 
a combination of external control and continuous 
fluoroscopic visualization. Straight graft insertions 
targeted bony landmarks, whereas bifurcated graft 
insertions targeted reference points in the vascular 
tree, widi the "road/napping" capabilities of the 
digital subtraction vascular imager. In clinical use the 
goal wojild be to ensure chat die ends of the graft 
engage nondilatcd vessels on cither side of the 
aneurysm without encroaching on die origins of vital 
aortic branches. The proximal neck between the renal 
arteries and die aneurysm is usually long enough to 
be suitable for graft attachment, but die distal cuff is 
often very short. In. such patients transfcmoral 
insertion of a straight graft may be difficult, danger- 
ous, or impossible. 

We believe diat aJJ straight grafts should be 
s ten ted against die arterial wall disnJly. It is unlikely 
that the direction of blood flow alone would be 
sufficient to prevent extravasation of blood around a 
ftee distal graft orifice given the paucity of the distal 
cuff in the majority of cases. 



Table JL Displacement force in cadaveric 
aortas, after each of diree 
successive insertions 
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The role of disrai stents in bifurcated grafts is 
more open to question. Completion angiograms 
showed no signs of leakage around the distal ends of 
any bifurcated graft, with or widiout distaJ stenns. 
Leakage would have been apparent as visualization of 
the aortic brandies in the region of die graft, 
including die middle sacraJ, which is die largest 
closest to die distal graft orifices. Graft displacement 
during stent insertion was prevented by applying 
mcdon to the distal ends of bifurcated grafts. There 
were no complications of stent insertion in four 
experiments (eight stenes). This system of distal stent 
placement was probably safe, but itwas also complex. 
Wc have since developed a system in which distal 
stents arc attached to the limbs of bifurcated grafts 
before insertion, With diis system, fully stented. 



SEP-07-1993 16' 37 FROM MMC PECQM UfiSC SURG 



TO 



14153254196 P. 18 



194 Clutter craL 



bifurcated grafts arc deployed with die same scries of 
maneuvers as for unstcnted grafts. 

Our initiaJ concern dm barbs would not pene- 
trate die rypicaJ elderly diseased aorta was not borne 
out. Straight grafts were found co attach securely to 
rhc walls of cadaver aortas, which contained athero- 
sclerosis, caJcificarion, and luminal debris. Indeed, 
the force required to displace a graft experimentally 
(1388 ± 127 gm) was far more than die expected 
stresses. For example, die sheer force on a 20 mm by 
J 00 mm tubular graft is less dian 1 gm, assuming that 
rhc graft is held in close apposition ro the aortic waJJ 
by low-profile stents and flow remains laminar.* 

AJJ our grafts were constructed of woven polyes- 
ter, which is known to be strong and durable. A 
lightweight knitted construction was avoided be- 
cause the very fine yarns and loose knits necessary to 
acliicvc a low volume might predispose to progres- 
sive diJation. 5 It is doubrfuJ dm die aneurysm wall 
can be rcJicd on to generate a high-pressure environ- 
ment around die graft and thereby limit transmural 
pressure. 

Suitable candidates for cndovascular repair of 
aortic aneurysm would be selected on die basis of - 
preliminary angiography and. cross-sectional imag- 
ing. Specific contraindications wouJd include supra- 
renal extension of the aneurysm and iJiac occlusive 
disease. Angiographic evidence that inferior mesen- 
teric flow is an indispensable source of intestinal 
perfusion would be anodicr contraindication to 
cndovascular repair, because die cndovascular tech- 
nique docs not offer die opportunity to restore flow 
through the inferior mesenteric artery. The inability 
to rcimplant the inferior mesenteric artery has special 
implications for graft selection when the bifurcated 
technique is used. Ideally internal iliac arterial flow 
should be maintained as a source of intestinal and 
spinal perfusion. 

Any instrumentation of an aneurysm risks injury 
to« mural thrombus and plaque, which might frag- 
ment and cmboJize to distal arteries. The risk of 
mural injury has been minimized by using a delivery 
system wirii a smooth, tapered external profile and a 
tip that is guided through die iliac arteries and die 
aneurysm over a wire. The relatively low incidence of 
embolism after angiography aJone suggests that 
mural thrombus is smoother and less prone to 
fragmentation dian it appears at operation. More- 
over, the risk of embolism is transitory because the 
dirombus lining an aneurysm cannot enter the 
circulation once the graft is in place. 



JOURNAL OF VA.SCUT-AJl SUHGZKY 
August 1993 



The eventual indications for straight and bifur- 
cated grafts will depend largely on die architecture of 
die distal cuff and die effect of mural thrombus on 
graft attachment. Compared widi conventional sur- 
gical repair, cndovascular techniques require longer 
segments of nondilated aorta for graft attachment, 
particularly at die distal end. Examination of corre- 
sponding angiographic and tomographic studies 
reveals that mural dirombus often produces long 
cylindric segments of lumen at both ends of the 
aneurysm, even when die outer wall of die aneurysm 
extends from die renal arteries to die aortic bifurca- 
tion. However, a reliance on muraj dirombus for 
hemostatic graft attachment is probably not war- 
ranted in early clinical studies. Bifurcated grafts will 
be required in most cases, because die distal cuff is 
rarely long enough to permit straight graft repair by 
cndovascular means. 

Widi this system, at least one femoral artery must 
be exposed. The delivery system is too large (5.5 mm) 
to be introduced percutaneously. The odier femoral 
artery was also exposed in diis series of bifurcated 
graft insertions. However, the smaJJ catheters and 
sheaths inserted on diatsidc could easily pass dirough 
a percutaneously placed shcadi. 

The main advantages of die transfemorai ap* 
proach to aortic aneurysm repair are die avoidance of 
abdominal operation and general anesthesia. A uni- 
lateral femoral artery dissection done under local 
ancsriicsia is clearly less of an insult dian conventional 
repair. The potential benefit is particularly clear for 
patients in whom die morbidity, mortality, and 
expense of conventional treatment are high. 6,7 Many 
recent advances in surgery and interventional radiol- 
ogy represent a trend toward less invasive treatment. 
These preliminary results confirm that a less invasive 
alternative to die treatment of aortic aneurysm is 
feasible. 
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DISCUSSION 

Dr. Luis A« QueraJ (Baltimore, Md.). It is not often 
rJiac we witness work whose content is both visionary and 
revolutionary. Wc have heard described an approach chat 
could radically diange the way we have done things Tor die 
past 35 years. TransfemoraJ endoluminal replacement of 
die aorta is both feasible and logical. There is no question 
in my mind diat chia form of aortic replacement will soon 
become a reality, and I am very happy that surgeons are at 
die forefront of this development. 

You arc to be congratulated for your innovativenesa 
and courage. Dr Cohen, along wirii other members of die 
Program Committee, is to be congratuJatcd for selecting 
diis work. A regional vascular society is taking a clear-cut 
lead in being die venue for such progressive work. We arc 
establishing die pace and an example for the more 
conservative national societies in the presentation of our 
most innovative work. 

I am not sure about the deployment of this device. To 
my understanding, it seems like a Greenfield filter (Med- 
irech, Boston Scientific Corp., Watertown, Mass.), where 
the sheath is pulled back and the device is deployed; would 
you comment on this? 

Would you also comment on the blood loss during the 
procedure and how long it cook to accomplish both die 
bifurcated graft and the tube grafts. 

How difficult was it to remove this device when the 
dogs were sacrificed t This is important inasmuch as I can 
foresee cases whereby this will have to be done when the 
person Is still alive, in die case of a failure. 

Are the stents really necessary distaHy? 

Last, what are your future plans for controlled Pood 
and Drug Administration-approved studies in very high- 
risk patients. 

Most of you are aware that endoluminal replacement of 
die abdominal aorta has already been accomplished in 
humans \yy our colleague and friend Dr. John Parodi of 
Buenos Aires, Argentina. Some of this work was published 
in die Annals afVmcular Surgery. My partner, Dr. Criado, 
actually scrubbed In with Dr. Parodi on two of these cases. 

Dr. F. J. Criado (Baltimore, Md.). I have been 
fortunate enough to have been involved in this work from 
the beginning. The first clinical case was done in Buenos 



Aires in September 1990. This followed a very extensive 
animal experience of several years. I can cell you, after 
having been involved in two or three cases, that I cannot 
help but be very impressed with die results. To see some of 
dicsc patients have a full dinner the day of the opera tion and 
go home the next morning is very impressive, ro say the 
least. 

So far, Dr. Parodi has done 12 clinical cases in humans, 
and die work is progressing. The technique is being 
developed and improved. Clearly a lot of problems, actual 
and potential, remain, and this is going to require further 
refinements and developments. 

Several complications of a noncritical nature have 
occurred, but dicrc arc many others that no doubt arc 
going to develop sooner or later. The two most critical 
issues appear to be the trans femoral transluminal access to 
the lumen of die aorta dirough femoral and iliac arteries. 
The delivery system is clearly the most crucial aspect of this 
whole thing. 

The second crucial aspect revolves around die anchor- 
ing of die graft, particularly in the proximal portion of the 
aorta at die upper neck, This technique, die one I am 
showing you right now, involves the use of a Palmaz-typc 
endovascuiar stent, but f am not sure what die ultimate 
technique is going to be once this becomes common 
clinical practice. Wc can discuss some of these details, if you 
are interested, a litdc later. 

As surgeons, I chink we better realize diat unless we 
change our attitude and not make die same mistakes diat 
were made 25 years ago resulting in the loss of the 
angioplasty field to nonsurgical hands, this is going to 
happen to us again. The two important issues arc that wc 
have to learn catheter skills. After all, this whole field of 
catheter interventions was developed by surgeons in die 
first place. Believe me, you do not become an interven- 
tionist in a 2-day tutorial, although we used to offer a 2-day 
tutorial in our institute. 

The second point is, if wc are going to be involved in 
sophisticated endovascuiar work, vanguard operations, we 
had better get good x-ray imaging, fluoroscopy, and 
angiography in the operating room. In other words, we arc 
going to have to duplicate the kind of equipment and 
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for embolism and aneurysm rupture. We made die ap- 

S'-t?™ 0 ? W,d <1cxible IO minimitt ™k °f mural 
W.TIiejnf^uentoeairrenceofemboljecompUeation. 
from angiography suggests mat our initial insertion of a 
gurd^re carries a low risk of embolism. We used me soff 
wire go guide me Hp of die delivery system through me 
aneurysm. This maJccs perforation most unlikely and also 
helps to mmimirxmuraJ trauma. The bifurcated device mav 
be more prone to embolism because insertion involves 
more intraaorec manipulation. 

In answer ro die commentary from Dr. Bertowitz. Our 
graft was anchored by barbed sclf-expandrng stents. The 



OnittrrtttL 197 

bf^t u dY WU dcsi8ncd t0 dctwm/nc ^cther Ae 
Lrt T l PenC ° att * C °f ^crosderorie humas, 
aorus ^enough to prevent displacement Clearly rj,ey dlT 
Wc did not attempt to mimic d,e fortes caused by puLtile 

Nonetheless, J mink mat intermittent radial fortes are 
Un ^ to P"*«« g"Ut displacement. On the con^a ' 
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facades chat our nonsurgical colleagues have had for 25 

What type of stent did you use? Have you thought of 
the poss,b,l,ty of using something od,er dian a stent* ^ 
an nor for the graft? After all, we are talking about a 
but die purpose of this device is not Lntin B ; Tl 
anchoring. Ceminly a different device may bX r „2 
easier to use in the future, 

r„ i,!!?'* "T" d,at a " * mcse Uniques arc goi„ e 

concern wid, ddatatjon and the integrity of the mft in 
general for the long term? " 
Dr. Timothy A. M. Chuter. Before going on to 

22T /J ° n * C mai " diflrerencu «*•«« our 
apparatus and that used by Dr. Parodi. 

One fundamental difference is the type of stent We 
used barbed self-expanding stents (rfdJS££^£ 
and I dunk we demonstrated that these stents attached 
tern** i seeurdy to die wail of a diseased aorta. The 
ZTnZ ? P ^L (E " C Pa '™* **) ^ balloon 
SEE* ^ . b ' rbcd - F0rdb,C ^ «P*"^ 

An 1 ^ Knain ^ ^ the aona dilates 

Another deference relates to the use of distal SlwnS 

tcmocs of the human infrarchai aortic aneLrysmf the diS 
cuff ,s often found to be very short. I wou3 be sumriS 
tftaMc graft attachment is possible without 7SS 
rent. We have cons.dered alternatives to the use of a stent 
^hemostatic graft attachment, but none seemed saX 

I agree with Dr. Criado that vascular surgeons should 

Don ofendovsscular techniques such as this. I minkdwtthc 
necessary catheter skills are much easier to learn fen 
lb Is required for standard surgery. No one need "fed 
.ndmJdaeedbydieinurrvendonaE, 

We deaed to use an open approach to the femora) 

iS^IT T a "J W "'° n 0f ^ ddivcr y system has a 
Iff inwducer sheath. I would be loathe L insert such a 
large device percutancously. 

fr t J i Z!! ,0n ^ " comp ™ cd ^ ""oroscopic images 
from two insertion procedures. The first uses a straight 
gr^ and the aecond a bifturated graft to repair S 
models of aortic aneurysm. Iniriaj angiograms show the 
shapeand position of the model aneurysm. Delivery system 
nation, graft extrusion, delivery system remind 
completion angiograms are shown to illustrate the simplic- 

and die Jack of any leakage Una me aneurysm on^thTgraft 

additional maneuvers involved in biforcated graft insertion, 



journal or vascular suncjjuy 

August iwa 



which include cross-femora J carW*.. „i 

Dr. Criado. Jn die current Parodi experience it » «,«. 
One pancnt was found to have continuing ouisatilitv i»2 

sr D -!r u 7 f * snd •^csiji « 

placing a stent above and below y 
r> Q n^L ROndd L> Nath (Mcdford < Mass.), We know 

wnen we clamp the prox/maj and distal ends d«re is still 
oxmendous uiflowfrom theopen lumbar vessels and Xr 
«assory vessels. It would seem that placing the endovL 
cular prosthesis, even widi proximal and disll sfena a" 
not address the issue of accessory flow and m.gX£? 

have wid, exc haoon and ligation. Absence of di«j s^tsTn 
the » lac artencs logically would seem not to ««S5,£ 
problem , because even d 10 ugj, you can inject into dTaorta 
prox/mally and demonstratr nowtofaion oteuSZ 
vessels such as your middle sacral, they may still he «Z 
because you "bypassed" them rather *« SSSy^S 
bosed them or excluded diem. Y 
. °. r ' D - B«*owta (Philadelphia, p a .). w?„r 

SST?' n,<?Ue ' S W -n * or tiK » «i aon 

sumbJe for domg a fast proximal anastomosis during 

I mink the presentation is marred by your simplistic 

wall. I diink a tangenoai pulsatile force is more likely to 
disrupt me proximal aortic anastomosis than is a StE 
Anal force. Vou really need a more sophisticated 7£ m 

™: h ^ *- is — ^ - *- fS- 

De. Bauer E. Sumpio (New Haven, Conn.) Do vou 

stents? Ts there any medial wall necrosis? Does it seem 
dangerous to pass d,ese big catheters through anTneurS 
What » the potential for embolism and rupture? ^ 

m^S ^ Df ' N ' dl " ^ *« endovascular 
me*ods of aneurysm repair may not occlude the lumbar 
amnesJ^ng-term patency will depend on the blood flow 

think mat most will dirombose. These theoretic consider- 
aoons together with the results of nonrescctive surgery lead 
us to expea mat rupture will be a rare eveVaSr 
endovascuJar aneurysm repair. 

We have no hismlogic results from dws study, bur there 
■aextenave histologic evidence mat Gianturco i23S 
q^used ,n m« atudy produce nodegeneration or er£ion 
of oie rccipjenf: vessel. 

Wc shared Dr. SumpiVs concern about the potential 
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